To examine effectiveness of subsequent antiretroviral therapy (ART), studies published during the period of 1 January 1997 through 31 May 2003 involving patients who had failed a protease inhibitor (PI)-containing regimen and were switched to another regimen were reviewed. Twelve studies describing 1197 patients were analyzed. A total of 38% of patients had human immunodeficiency virus (HIV) RNA levels of !500 copies/ mL at 24 weeks. After adjustment for baseline HIV RNA level, the rate of virologic suppression ranged from 16% for patients switching drugs within previously failed classes to 54% for nonnucleoside reverse-transcriptase inhibitor (NNRTI)-naive patients switched to boosted PI-and NNRTI-containing regimens. ART regimens in patients who failed a PI-containing regimen provided virologic suppression only in a few patients. The best response was seen in NNRTI-naive patients receiving NNRTI-and boosted PI-containing regimens. New approaches are needed to achieve better suppression in pretreated HIV-infected patients.
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Approximately 60%-90% of patients receiving antiretroviral therapy (ART) for the first time achieve and maintain undetectable HIV RNA levels for у1 year [1] [2] [3] [4] . However, regimen failure rates of 10%-40% create the need for subsequent antiretroviral regimens, which are generally associated with diminished rates of virologic suppression [5, 6] .
A decision to switch ART raises several questions: Which regimen should be next? How many drugs should it include? What are the most effective options available? The July 1993 guidelines state that "assessing and managing a patient with extensive prior antiret-roviral experience and treatment regimen failure is complex" [7, p. 28] . Comparing published reports examining antiretroviral efficacy in subsequent regimens is challenging because studies have different designs and are limited by small sample sizes. In addition, patient diversity in terms of drug exposure and previous treatment duration further complicate measurement of subsequent ART efficacy.
Meta-analysis is the process of synthesizing results from multiple studies to attain stable estimates and more generalizable aggregate outcomes [8] . Despite some potential limitations from biases due to incomplete reporting of negative studies, changes in standards of care over time, and differences in entry criteria, metaanalytic techniques are considered important methods for synthesizing evidence in clinical research. They are particularly valuable for analysis of HIV/AIDS therapies because of the diversity in studies, the discrepant experiences among populations, and the volume of reported literature. Meta-analyses have been used successfully in HIV/AIDS epidemiology [9] [10] [11] , for the evaluation of surrogate markers [12, 13] , for expressing the impact of multiple antiretroviral drugs [14] , and NOTE. NNRTI, nonnucleoside reverse transcriptase inhibitor; PI, protease inhibitor; type I, already-failed classes (PI or NNRTI, depending on experience); type II, boosted PIs without the addition of another drug class to which patients were previously naive; type III, addition of NNRTIs to subsequent regimens for patients who had been NNRTI naive; type IV, subsequent regimens containing both an NNRTI and a boosted PI administered to NNRTI-naive patients.
for reporting the overall effectiveness of ART in treatment-naive patients [4] . Our objective was to use meta-analytic techniques to estimate the aggregate effectiveness of subsequent ART regimens in patients who failed a protease inhibitor (PI)-containing regimen.
MATERIALS AND METHODS
Literature search and inclusion criteria. We performed a systematic literature search by deriving 2 sets of keywords (group 1: "AIDS," "HIV," "antiretroviral therapy," "protease inhibitor," "nucleoside reverse transcriptase inhibitor," and "non-nucleoside reverse transcriptase inhibitor"; group 2: "failure," "virologic suppression," "antiretroviral experienced," "pretreated," "non-naive," "salvage," "second line," "efficacy," and "viral load") and using all 2-keyword combinations from these groups to perform searches of the MEDLINE database. When any single search yielded 1500 results, we added in a third keyword from either group to narrow results. Analyses were limited to published studies, because conference abstracts often omitted necessary data. We defined "subsequent therapy" as any regimen received after failing у1 PI-containing regimen, and we measured its effectiveness as the percentage of patients with complete virologic suppression (i.e., HIV RNA level of !500 copies/mL).
We included all studies that were published in the English language from 1 January 1997 through 31 May 2003; included HIV-infected adults (118 years old) who had virologically failed у1 PI-containing regimen with у3 drugs from at least 2 different classes; included patients who received a subsequent regimen containing у3 drugs from at least 2 different antiretroviral classes; reported at least 24 weeks of follow-up; and reported the proportion of patients having HIV RNA levels of !500, !400, or !200 copies/mL by intent-to-treat analysis or included enough information to perform these calculations. We included single arms of a study in the analysis if one arm met inclusion criteria but the others did not. Two authors (R.I. and E.L.) screened all of the articles and independently determined which studies met the inclusion criteria. Discrepancies in inclusion decisions were resolved by discussion with a third author (R.P.W.).
Data abstraction and outcome definition. Abstracted data from each study included baseline CD4 cell count and HIV RNA level; study design (observational/intervention); number of patients enrolled; threshold and assay for virus load; composition of current regimen; and previous nonnucleoside reverse transcriptase inhibitor (NNRTI) experience. In the main analyses, we distinguished among 4 regimen types (table 1): (1) remaining within already-failed classes (PI and/or NNRTI, depending on experience), (2) adding a boosted PI (i.e., with ritonavir), (3) adding an NNRTI (for NNRTI-naive patients), and (4) adding an NNRTI and boosted PI (for NNRTI-naive patients). To address the hypothesis that boosted PI regimens containing lopinavir may be superior to other boosted PIs, we performed a secondary analysis by stratifying regimens in type IV as lopinavir-containing or not. None of the type II regimens in our study contained lopinavir.
Because the primary goal was to examine the virologic effectiveness of subsequent ART regimens stratified by NNRTI experience, we focused on study subgroups on the basis of patients' experience with NNRTIs. This sometimes led us to define the study groups slightly differently than in the primary published analyses. The implications were 2-fold: first, we created more homogenous groups with respect to virologic suppression; and second, we did not necessarily have baseline characteristics of patient subgroup by NNRTI experience because they were not all reported as such. We tried to contact the authors of 3 studies in which these data were not available in the original reports [15] [16] [17] and received the necessary data from the largest of these studies [16] . We compared baseline CD4 cell count and HIV RNA level by regimen type for studies for which these data were available. For baseline HIV RNA level, differences among regimen types were neither clinically important (at most, 0.3 log 10 ) nor statistically significant. On the basis of these analyses, we assigned overall baseline HIV RNA levels reported by the study authors for patients with and without NNRTI experience for the remaining 2 studies (6.6% NOTE. ART, antiretroviral therapy; I, interventional study; NA, not applicable; NNRTI, nonnucleoside reverse-transcriptase inhibitor; NRTI, nucleoside reversetranscriptase inhibitor; O, observational study; PI, protease inhibitor; type I, already-failed classes (PI or NNRTI, depending on experience); type II, boosted PIs without the addition of another drug class to which patients were previously naive; type III, addition of NNRTIs to subsequent regimens for patients who had been NNRTI naive; type IV, subsequent regimens containing both an NNRTI and a boosted PI administered to NNRTI-naive patients.
a Mean time was not reported, so the maximum time that patients received a PI regimen is listed. b For the purposes of this study, patients from Hammer et al. [16] were grouped on the basis of NNRTI experience, not study medication as published. c Mean time was not reported, so the minimum time that patients received a PI regimen is listed. d Two arms of Lafeuillade et al. [28] were excluded from this study because treatment regimens included hydroxyurea.
of total number of patients included in our analyses). We used a similar approach for baseline CD4 cell count. Virologic effectiveness of the subsequent regimen was based on an intent-to-treat approach. We defined virologic effectiveness as the proportion of patients in the study or specific study arm with HIV RNA below detection at 24 weeks. If intent-totreat results were unavailable, they were calculated on the basis of the method described by Bartlett et al. [4] . Because most studies reported virologic outcomes at !500 copies/mL, we used this threshold for the main analysis. When studies reported levels of detection of 50-500 copies/mL (either 400 copies/mL or 200 copies/mL), we conservatively combined these results with studies that used 500 copies/mL as the lower level of HIV RNA detection. CD4 cell response was calculated as the absolute difference between the baseline CD4 cell count and the CD4 cell count at week 24. If 24-week data on CD4 cell counts were not available, we carried forward data from the closest time point before 24 weeks; this was likely a conservative estimate.
Statistical analysis. We combined study results by estimating aggregate virologic effectiveness and CD4 cell count change by random-effect models [18, 19] using the PROC MIXED procedure in SAS software, version 8.2 (SAS Institute) [20] . To examine the association of study level baseline characteristics and virologic effectiveness of ART, we fit a meta-regression model with a random-effect approach [20] . We considered the following variables: regimen type, baseline CD4 cell count, and baseline HIV RNA level. We first examined the relationship of each of these factors individually with virologic effectiveness of the subsequent regimen; those factors exhibiting association at P! .10 were included in the multivariate model. We also repeated the analyses examining immunologic effectiveness, defined as mean change in the CD4 cell count from baseline. These analyses were limited to the study groups that reported these data.
RESULTS

Included Studies
Identification of eligible studies. We screened 154 studies and eliminated 85 on the basis of abstract review. The most common reasons for exclusion were that not all patients met the definition of virologic failure, there was no 24-week followup data, or virologic suppression to !500 copies/mL was not reported (see Appendix). Sixty-nine articles were retrieved for more detailed evaluation; 57 of these were excluded because, upon more complete review, we found that they did not meet the inclusion criteria. The remaining 12 studies were used for the analysis.
Description of included studies, patients, and treatment regimens. We analyzed data for 1197 HIV-infected patients from 7 clinical trials and 5 observational studies (2 retrospective cohort studies and 3 prospective cohort studies) (table 2). The studies included 25 different patient groups, which were based on NNRTI experience and use of boosted PIs. We defined 4 regimen types (table 1) . Regimens for patients in 5 studies (6 study groups) remained within already-failed classes (PI or NNRTI, depending on experience) (type I) [15-17, 22, 24] . In 2 studies (2 study groups), regimens contained boosted PIs without the addition of another drug class to which patients were previously naive (type II) [24, 25] . Seven studies (10 study groups) examined the effectiveness of adding NNRTIs to subsequent regimens for patients who had been NNRTI naive (type III) [15, 17, 22-24, 27, 28] . Five studies (7 study groups) investigated subsequent regimens containing both an NNRTI and a boosted PI administered to NNRTI-naive patients (type IV) [21, 23, 24, 26, 29] .
Baseline study and participant characteristics are shown in table 2. For the 1197 patients from the 25 study groups included (median, 45 patients per study group), median baseline HIV RNA levels were 3.8-5.2 log 10 copies/mL, and median baseline CD4 cell counts were 89-457 cells/mm 3 . Of the 12 studies, 6
used 500 copies/mL, 3 used 400 copies/mL, and 3 used 200 copies/mL as the HIV RNA detection threshold.
Virologic Suppression
Virologic suppression and regimen type. The overall rate of virologic suppression to !500 copies/mL at 24 weeks was 38% (95% CI, 27%-48%). Figure 1 illustrates the aggregate suppression rate for each of the 4 regimen types as well as individual suppression rates for each study group. Patients receiving type I regimens had the lowest suppression rate (16%; 95% CI, 0%-31%). The estimated suppression rates for regimen types II and III were 27% (95% CI, 0%-53%) and 39% (95% CI, 27%-51%). NNRTI-naive patients switching to a regimen with an NNRTI and boosted PI (type IV) had the highest suppression rate (54%; 95% CI, 40%-69%).
Pairwise differences in suppression rates among regimen groups are listed in table 3. With respect to virologic suppression, addition of both a boosted PI and an NNRTI to NNRTInaive patients (type IV regimen) was superior to other regimen types.
Virologic suppression, baseline CD4 cell count, and HIV RNA level. We examined the relationship between baseline HIV RNA level, CD4 cell count, and HIV RNA suppression at 24 weeks by correlation analyses. Baseline CD4 cell count exhibited a moderate positive correlation ( ; ) r p 0.46 P p .020 with viral suppression to !500 copies/mL at 24 weeks, whereas baseline HIV RNA level showed a moderate negative correlation ( ; ). These suggest a linear trend in the rer p Ϫ0.53 P p .007 lationship between baseline CD4 cell count and HIV RNA level and virologic suppression. However, results of multivariate regression examining the independent effect of baseline CD4 cell count, HIV RNA level, and regimen type on virologic suppression at 24 weeks revealed that, after adjusting for baseline HIV RNA and regimen type, baseline CD4 cell count was no longer a statistically significant predictor of viral suppression ( ). Baseline HIV RNA ( ) and regimen type P p .4578 P p .016 ( ) were both independently predictive of 24-week viral P ! .0001 suppression. 
Change in CD4 Cell Count from Baseline
Data on the change in CD4 cell count were available for 1144 patients (all but 2 studies). On average, CD4 cell counts increased by 42 
Secondary Analyses
We performed a subgroup analysis by further stratifying patients receiving type IV regimens with and without lopinavir. Three groups (124 patients) examined the effectiveness of saquinavir-based [24, 29] and amprenavir-based [23] boosted PI regimens (type IVa) [24, 23, 29] . Four study groups (138 patients) examined lopinavir-based boosted PI regimens (type IVb) [21, 26] . After adjusting for baseline HIV RNA level, the virologic suppression rates for types IVa and IVb were 37% and 70% (a 33% difference;
). P p .009
DISCUSSION
In this systematic overview, we examined rates of virologic suppression and CD4 cell response associated with subsequent ART after failure of a PI-containing regimen. The estimated aggregate HIV RNA suppression rate of !500 copies/mL at 24 weeks was 38%. This indicates modest virologic effectiveness of ART for pretreated HIV-infected patients when compared with first-line 24 week efficacies of 75%-95% [1] [2] [3] [4] . For patients who failed a PI-containing regimen, the use of a new regimen without adding drugs from another class provided the lowest suppression rate, ∼16% at 24 weeks. These rates were nearly doubled (to ∼30%) when regimens included a boosted , depending on experience); type II, boosted PIs without the addition of another drug class to which patients were previously naive; type III, addition of NNRTIs to subsequent regimens for patients who had been NNRTI naive; type IV, subsequent regimens containing both an NNRTI and a boosted PI administered to NNRTI-naive patients.
PI or drugs from a new class (NNRTI). The highest rates of viral suppression (54%) were achieved in studies examining regimens containing both a boosted PI and an NNRTI for patients without previous NNRTI experience. Virologic suppression among boosted PI regimens with NNRTIs in patients without previous NNRTI experience varied greatly on the basis of whether regimens did (70%) or did not (37%) contain lopinavir. The cohorts who received lopinavir-ritonavir had what appear to be higher baseline CD4 counts and thus may represent earlier and less heavily pretreated patients.
Although no published meta-analysis has examined virologic suppression for subsequent ART regimens after failure of a PIcontaining regimen, there have been 2 meta-analytic reviews examining the impact of first-line therapy [4, 30] . Our results differed from these studies in 2 important ways. In an analysis of first-line regimens, Skowron et al. [30] found that baseline CD4 cell counts were a significant predictor of viral suppression. In our analysis of subsequent regimens, this relationship was statistically significant only in bivariate analysis, not in multivariate analysis. Results from Bartlett et al. [4] suggested that, for treatment-naive patients, suppression rates were similar across all regimen types. In contrast, we found that virologic outcomes in patients who failed a PI-containing regimen depend on the content of the subsequent regimen and the availability of a new class of agents. The addition of a new drug class (e.g., NNRTI) doubled the response, compared with that for a subsequent regimen that used only drugs from classes with which patients had previous experience. Furthermore, the use of a boosted PI with lopinavir also improved virologic suppression when joined by a drug from a new class (NNRTI); in this case, viral suppression rates were similar to those for first-line therapy. The question remains whether to use lopinavir-containing regimens as first-line agents or whether to reserve them for patients who fail a first regimen [7] .
With current HIV therapy, a narrowly focused clinical trial of subsequent therapy will be difficult to design because of the diversity of patients' treatment histories. This study is the first to systematically aggregate data from the many small studies on outcomes of subsequent therapy. Strengths of this analysis are the inclusion of various study designs, use of an intent-totreat approach, and adjustment for interstudy variability by means of random-effect models.
Because we were unable to include patient-level data, we compiled outcomes on the basis of regimen type. Differences in reporting styles limited the number of included studies; however, we have presented cumulative data on 1197 patients, making this the largest analysis of subsequent therapy to date. The lack of information regarding the number of regimens previously failed in most articles limited our ability to distinguish between studies of second-line regimens and studies of patients who failed 12 regimens. A general reporting standard for including information on number of previous ART regimens in the description of future study populations would help in comparing different studies or in performing meta-analysis and selecting more homogeneous groups. Many studies assessed results of resistance testing retrospectively, without tailoring the subsequent regimen on the basis of these tests. Thus, despite the reported association between the results of resistance tests and the virological response of subsequent regimens, in very few of these published studies was choice of a subsequent regimen informed by resistance tests results.
Although NNRTIs are currently used widely as first-line regimens in the United States, these results are very useful for patients who initiated therapy in the years before the extensive use of NNRTIs, as well as for patients in less developed countries where the number of available antiretroviral agents may be limited. Similarly, although resistance tests are used extensively in the United States and Europe, these tests are not available in many other countries with a high prevalence of HIV infection. Results of these analyses may provide important information to physicians and patients faced with the challenge of finding the next best regimen after PI failure.
In summary, we have demonstrated by meta-analytic techniques that addition of a new drug class and addition of a drug from the same class capable of overcoming in-class resistance (e.g., lopinavir-ritonavir) are most effective for subsequent therapy in patients who fail a PI-containing regimen. Baseline HIV RNA was independently associated with virologic suppression after adjusting for regimen type, whereas baseline CD4 cell count at the time of switching had only a small influence on outcomes from subsequent regimens. These results suggest that switching regimens while HIV RNA levels are low may lead to better suppression with subsequent regimens. One possible explanation for this is that ongoing viral replication at higher levels may select for further drug resistance mutations, diminishing the efficacy of new drugs within the same class [7] .
The use of a drug class to which the patient has not been exposed, such as an NNRTI and a novel PI designed to overcome PI resistance, appears to be the most effective treatment strategy, although how this will apply to patients who fail a boosted PI regimen is unclear. The availability of another new drug class, the fusion inhibitors (such as enfuvirtide), may also provide improved virologic suppression in patients who fail PIs and other regimens [31] . The judicious use of new drugs and new drug classes provides an opportunity for more effective and longer-lasting virologic suppression of HIV replication. 
APPENDIX
